Abstract: The degradation behavior of vulcanized rubber in elevator cabins for reducing vibrations was investigated by morphological and spectroscopy analysis. Thermal (85 ℃) and hydrothermal aging (85 ℃ and 85% relative humidity) was performed to determine the effects of heat and humidity on the mechanical properties of rubber materials. The international rubber hardness degree (IRHD), tensile strength, and elongation percentage of rubber materials were measured to better understand the stiffening of the surface with the degradation time. The degradation mechanism of rubber materials was classified into two types: an increase in cross-links and chain scission. When rubber components were used for 96 hr under hydrothermal stress conditions, their mechanical characteristics deteriorated rapidly according to the results of the thermal aging test due to complex degradation behavior. Hydrothermal aging affects the increase in not only cross-links but also chain scission of the polymer segment. Fourier transform infrared (FT-IR) spectroscopy of the specimens of hydrothermal aging revealed improvement in C-H bonding at 2916 and 2848 cm , and an increase in the peak intensity in the 1080 cm -1 due to C-O-C bonding. The reduced C-C bonding was associated with the decomposition of cross-links and elastic modulus, which affected the degradation of the matrix near the surface. Therefore, the mechanical properties decreased more rapidly after hydrothermal degradation than after thermal degradation.
INTRODUCTION
Elevators are essential machines that make it convenient to live and work in modern high-rise buildings. Accordingly, improved safety and reliability are required for improvement of maintenance. 'Breakdown Maintenance' after failure is improved by 'Preventive Maintenance' based on accumulated failure data in the past. 'Predictive Maintenance', which is carried out using the prediction of facility conditions, makes the user's ride comfortable and safe. An understanding of the degradation behavior of materials used in elevators is important for achieving safety [1] .
Among the many materials and components of an elevator cabin, vibroisolating rubber is used to reduce vibrations and improve elevator safety by detecting overload. temperature, oxygen concentration, and humidity, which can decrease the performance and lifetime of the elevator components. The thermal degradation of elastic rubber materials can be explained by the molecule mobility of the reticular structure in high polymer and its entropy increases by external stress, as well as the structural changes to disorderly coil formation [4] [5] [6] . In this study, the hardness, tensile strength, and elongation percentage of designed rubber were identified from materials tests to examine the effect of heat and hydrothermal aging on the mechanical characteristics. Morphological and spectroscopic analyses were carried out to determine the degradation behavior of rubber materials for elevator cabins. The effects of heat and humidity on the mechanical properties and morphology were examined to clarify the relationship between the rubber structure and hydrothermal aging.
EXPERIMENTAL PROCEDURES
The material used for reducing vibrations was vulcanized rubber, which was produced by compression molding. Three-dimensional dumbbell specimens with dimensions of 100 × 25 were prepared according to the KS M 6518. When the mechanical test was loaded by a universal testing machine (UTM) at a speed of 150 mm/min, the hardness, tensile strength and elongation were measured using a laser extensometer. To determine the degradation behavior of rubber materials, thermal (specimen A) and hydrothermal (specimen B) aging tests were carried out using a chamber maintained at 85 ℃ and/or a relative humidity (RH) of 85% for up to 96 h, respectively. The microstructure of the surface was observed by scanning electron microscopy (SEM, Hitachi s-4700, Japan). Fourier transform infrared (FT-IR, Thermo Nicolet 6700, USA) spectroscopy was carried out to determine the polymer structure and cross-links.
RESULTS AND DISCUSSION
The hardness and tensile strength of the rubber for elevator cabins were evaluated with respect to thermal and hydrothermal aging. Rubber materials generally degrade through different types of degradation mechanisms from a range of conditions, such as light, heat, ultraviolet rays, microorganism, humidity and mechanical factors. Among the various stress factors, this study examined the complex degradation behavior of rubber after exposure to heat and
